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2. Citations and explanations 



The present invention according to the amended claims of 1999- 
07-14 relates to a method and an apparatus for friction stir 
welding. The aim of the invention is to prolong the serviceable 
life of the welding probe and securing safe weld penetration 
and complete fusion vis- a^-vis the base material and in 
addition increase productivity. This is achieved by supplying 
additional heat to the joint prior to and/or during the 
welding operation. The additional heat is supplied in excess 
of the frictional heat generated in the joint from rotation of 
the the welding means and in excess of any other heat that may 
be supplied to the joint in any other manner by the welding 
means . 

wo, Al, 9310935 discloses measures for supplying additional heat 
in excess of the frictional heat to a joint relating to 
friction stir welding. The additional heat is supplied through 
the welding means in order to assist in initiation of the 
seam, i.e. different from the present invention. 

The cited art is not dealing with the problem of prolonging 
the life of the welding probe resulting in increased 
productivity. Therefore, it is not considered obvious for a 
person skilled in the art to modify the known welding process 
so as to arrive at the claimed method and apparatus. 

Consequently, the invention according to the claims is novel 
and is considered to involve an inventive step and to comprise 
industrial applicability. 
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(57) Abstract 

The invention concerns a friction stir welding method 
according to which the workpieces (2, 3) to be welded are 
positioned on a work-table (7) and by means of clamping means 
(5, 6) clamped to one another and/or to the work-table during 
the welding. A rotating welding means (12. 13) is arranged to 
move along a joint between the workpieces while being pressed 
against said workpieces during the welding. Additional heat is 
supplied to the joint prior to and/or during the welding operation, 
in excess of the frictional heat generated in the joint from the 
rotation of the welding means and of any other heat that may 
be supplied to the joint in any other manner by the welding 
means. The invention likewise concerns an apparatus for friction 
stir welding, comprising a heating element (70) for supply of 
additional heat to the joint prior to and/or during the welding 
operation, in excess of the frictional heat generated in the joint 
from the rotation of the welding means and of any other heat 
that may be supplied to the joint in any other manner by the 
welding means. 
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1 

METHOD AND APPARATUS FOR FRICTION STIR WELDING 

The present invention relates to a friction stir 
welding method according to which the workpieces to be 
welded are positioned on a work-table and by means of 
clamping means clamped to one another and/or to the work- 
5 table and according to which a rotating welding means is 
arranged to move along a joint between the workpieces 
while being pressed against said workpieces during the 
welding . 

The present invention likewise relates to an 
10 apparatus for friction stir welding, comprising a work- 
table supporting the workpieces to be welded, at least 
one clamping means for clamping the workpieces to one 
another and/or to the work-table, and a welding means 
adapted to be advanced along a joint between the work- 
15 pieces while being pressed against said workpieces during 
the welding. 

The definition friction stir welding designates a 
welding method according to which the workpieces to be 
joined together are plasticized along their joint line by 

20 supply of frictional heat from a rotating welding probe, 
said probe being moved along the joint between the work- 
pieces while at the same time being pressed against the 
work-pieces. As described in WO93/10935 and W095/26254 
the welding probe should be manufactured from a material 

25 that is harder than that of the workpieces, and during 
. the welding operation the workpieces should be securely 
fixed relative to one another and to the work-table. In 
this respect this technique differs from that of con- 
ventional friction welding according to which the fric- 

30 tional heat is generated by the relative motion of the 
workpieces as they are being pressed together, i.e. the 
frictional heat is generated only by the two components 
to be joined together. This friction stir welding 
technique according to the above-mentioned publications 
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is used for the welding of different materials, such as 
plastics, metals, etcetera in various fields of applica- 
tion, for example to join workpieces together, to repair 
cracks in a workpiece, and so on. The design of the 
welding probe is conditioned e.g. by the material to be 
welded and by the intended application. 

In gas metal arc welding and particularly in sub- 
merged arc welding when the molten pools generally are of 
considerable dimensions, a backing means is often used, 
i.e. a backing bar which is pressed against the back of 
the joint during the welding operation in order to 
support the edges of the joint and to prevent the molten 
pool from escaping as the complete weld penetra-tion 
stage is reached. In constructing the backing means 
thermal considerations are to a large extent decisive in 
the choice of the backing means material, particularly in 
the case of welding of aluminium. The cooling effect on 
the joint from the backing means must not be too 
powerful . 

Similarly, backing means are likewise used in 
complete penetrating welding in connection with friction 
stir welding. In this case, the backing means serves as a 
mechanical support and shapes the lower face of the 
joint. Also in this case the backing means may be formed 
with a thermal barrier against a subjacent backing bar in 
order better to take advantage of the friction heat gen- 
erated in the welding process. 

One of the problems encountered in friction stir 
welding of hard-to-weld materials, such as aluminium 
alloyed with magnesium, with lithium or with copper, is 
that the forces deployed during the welding operation are 
of such a magnitude as to cause the welding probe to 
break after a comparatively short period of welding, as a 
result of fatigue. This is true particularly of 
workpieces that have a thickness exceeding 5 mm. 

Another problem is the generation of short but deep 
cracks in the surface of the backing means, particularly 
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in the transverse direction of the latter, due to thermal 
fatigue. Because the joint, owing to the plast icisation 
thereof during the welding operation, will adopt the 
appearance of the backing means surface, these cracks 
5 will manifest themselves as protrusions on the lower face 
of the joint, and as a result the joint will be unaccept- 
able . 

A further problem is that the frictional heat gener- 
ated in hard-to-weld materials may be insufficient, and 

10 that consequently complete weld penetration is not 
achieved, or that lack of fusion will occur. 

One object of the present invention therefore is to 
provide a method and an apparatus for friction stir weld- 
ing by means of which it becomes possible to substan- 

15 tially prolong the serviceable life of said welding 
probe. It is likewise desirable to simultaneously 
increase the quality of the formed joint, primarily by 
securing safe weld penetration and complete fusion vis a 
vis the base material, and in addition thereto increase 

20 productivity. 

This object is achieved in accordance with the 
present invention by means of a friction stir welding 
method of the kind defined in the introduction, which 
method is characterised in that additional heat is 

25 supplied to the joint prior to and/or during the welding 
operation, in excess of the frictional heat generated in 
the joint from the rotation of the welding means and of 
any other heat that may be supplied to the joint in any 
other manner by the welding means, the start of the 

30 welding operation proper considered to be the instant 
when the welding probe is lowered into the joint. 

In order to achieve said object, the present inven- 
tion also provides an apparatus of the kind outlined in 
the introduction for friction stir welding, which appara- 

35 tus is characterised by a heating means for supply of 

additional heat to the joint prior to and/or during the 
welding operation, in excess of the frictional heat 
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generated in the joint from the rotation of the welding 
means and of any other heat that may be supplied to the 
joint in any other manner by the welding means. 

Due to the supply of additional heat to the joint 
5 between the workpieces in excess of the frictional heat 
generated through the rotation of the welding means and 
any other heat that may be supplied to the joint by the 
welding means in any other manner, the serviceable life 
of the welding probe is prolonged considerably. In cases 

10 when the joint is backed up by means of a subjacent back- 
ing means, cracking of the latter is also prevented, if 
heat is supplied to the joint by way of the backing 
means. The difference is pronounced and is a prerequisite 
for the welding of for instance several aluminium alloys 

15 with acceptable economy. In addition, higher welding 

quality is obtained because of improved penetration and 
safer bonding against the base material, and it also 
becomes possible to increase the welding speed with con- 
sequential higher productivity. 

20 Advantageous modified varieties of this method and 

this apparatus will be defined in the dependent claims. 

The invention will be described in the following in 
closer detail with reference to the accompanying drawing 
figure illustrating one embodiment of the apparatus in 

25 accordance with the present invention. 

The apparatus 1 shown in the drawing figure is 
intended for welding together two workpieces 2, 3, the 
latter being e.g. extruded aluminium profile sections. 
During the welding operation, the workpieces 2, 3 

30 are secured to the work-table 7 by clamping means 5 and 
6, respectively. The clamping means 5 and 6, respec- 
tively, may consist of a compression cylinder. The 
present work-table is a horizontal machine table 7a to 
which a backing means 7b is stationarily secured by means 

35 of a backing bar 7d in the shape of an I-beam and which 

is supported by a stationary, rigid frame 7c. The backing 
means 7b is formed with a groove 60 extending in the 
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longitudinal direction of the support^ said groove having 
received therein a heating coil in the form of a heating 
cable 70. 

The joint between the workpieces 2, 3 is placed in 
5 alignment with the centre line of the backing means. The 
backing means backs up also the edges of the joint and 
prevents the plasticized material from flowing away at 
the attainment of complete weld penetration. 

Welding is performed by means of a welding means in 

10 the form of a welding probe 12 and a rotating spindle 13. 
The welding probe consists of a cylindrical body 12a hav- 
ing attached thereto a cylindrical pin 12b the circum- 
ference of which is smaller than that of the probe body. 
Owing to this arrangement, the lower part of the cylin- 

15 drical body will project beyond the upper part of the 

pin. In the following, the lower part of the body will be 
referred to as the shoulder of the body, and as appears 
from the drawing figure the shoulder abuts against the 
upper faces of the workpieces 2, 3 in the normal position 

20 of the welding probe. The welding probe body and pin 

could be configured for example in conformity with any 
one of the embodiments shown in WO93/10935 or in 
W095/26254. The upper part of the body 12a is connected 
to the rotating spindle 13 which is driven by a drive 

25 unit, not shown, such as a drive motor. 

The workpieces 2, 3 are first secured in the appara- 
tus 1 by means of the clamping means 5, 6, care being 
taken that the air gap, i.e. the joint, between the 
facing end edges of the profile sections does not exceed 

30 the dimensions that are liable to cause a deficient weld 
to form. As appears from the drawing figure, the gap is 
placed in alignment with the centre line c of the backing 
means 7b. The backing means is then pre-heated by means 
of the built-in heating cable 70, until the temperature 

35 of the backing means is in the range of 150-250°C. This 
temperature range is detected by traditional means, for 
instance by a temperature sensor, not shown. Following 
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the pre-heating of the backing means, and thus of the 
joint, the welding operation is initiated by the welding 
probe being made to rotate at a certain speed while at 
the same time being advanced along the gap at a predeter- 
5 mined speed- As described initially, the end edges of the 
profile sections will become plasticized by the friction- 
al heat generated during this process. 

The resulting welded joint, when solidified, is a 
homogeneous, high-strength joint. 

10 It should be appreciated that the invention is not 

limited to the above embodiments but could be modified in 
a number of different ways within the scope of the 
appended claims. For example the backing means 7b could 
be heated by a heating fluid supplied to the groove 60 or 

15 by indirect supply of electricity instead of by means of 
a heating cable 70 built into the groove. Instead of 
heating the joint via the backing means, the joint could 
be heated by a heating element, such as a gas burner 
positioned underneath the joint or in contact with the 

20 sides of the joint. Induction heating is another possible 
method of supplying the additional heat. The apparatus 
could of course be used for welding together workpieces 
of other metals or metal alloys than aluminium, such as 
e.g. titanium or steel. When the apparatus is used to 

25 weld together titanium or steel workpieces the backing 
means should be heated to temperatures in the range of 
500-1000°C. 



30 
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CLAIMS 

1 . A friction stir welding method according to which 
the workpieces (2,3) to be welded are positioned on a 

5 work-table (7) and by means of clamping means (5,6) 
clamped to one another and/or to the work-table and 
according to which a rotating welding means (12, 13) is 
arranged to move along a joint between the workpieces 
while being pressed against said workpieces during the 

10 welding, characterised in that additional 

heat is supplied to the joint prior to and/or during the 
welding operation, in excess of the frictional heat 
generated in the joint from the rotation of the welding 
means and of any other heat that may be supplied to the 

15 joint in any other manner by the welding means. 

2. A method as claimed in claim 1, charac- 
terised by pre-heating the joint to a maximum of 
250°C below the fusion temperature of the material of the 
joint . 

20 3. A method as claimed in claim lor2, charac- 

terised in that the joint is heated by a heating 
element positioned underneath the joint. 

4 , A method as claimed in any one of the preceding 
claims, characterised in that the joint is 

25 supported by a subjacent backing means (7b) which is pre- 
heated to a temperature in excess of 100°C. 

5. A method as claimed in claim 4, charac- 
terised in that the backing means is heated to a 
temperature in the range of 150-250^C. 

30 6. A method as claimed in claim 4, charac- 

terised in that the backing means is heated to a 
temperature in the range of 500-1000*^C. 

7. A method as claimed in claims 4, 5 or 6, 
characterised in that the backing means (7b) 

35 is heated by a heating coil (70) built into backing 
means . 
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8. An apparatus (1) for friction stir welding, com- 
prising a work-table (7) supporting the workpieces (2,3) 
to be welded, at least one clamping means (5,6) for 
clamping the workpieces to one another and/or to the 

5 work-table, and a welding means (12, 13) adapted to be 

advanced along a joint between the workpieces while being 
pressed against said workpieces during the welding, 
characterised by a heating element (70) for 
supply of additional heat to the joint prior to and/or 
10 during the welding operation, in excess of the frictional 
heat generated in the joint from the rotation of the 
welding means and of any other heat that may be supplied 
to the joint in any other manner by the welding means. 

9. An apparatus as claimed in claim 8, charac- 
15 terised in that it comprises a heating element 

positioned underneath the joint. 

10. An apparatus as claimed in claim 8 or 9, 
characterised by a backing means (7b) 
positioned underneath the joint. 

20 11. An apparatus as claimed in claim 10, c h a r - 

aterised in that the backing means (7b) is 
adapted to be heated by the heating element (70) . 

12. An apparatus as claimed in claim 11, char- 
acterised in that the heating element is a 

25 heating coil (70) built into the backing means (7b) . 



V/ 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 98/00613 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: B23K 20/12 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: B23K, B29C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,NO classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



ORBIT: WELD; 'EPO: WPI. PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 9310935 Al (THE WELDING INSTITUTE). 
10 June 1993 (10.06.93), page 10, 
column 13 - line 20 



WO 9526254 Al (NORSK HYDRO A.S), 5 October 1995 
(05.10.95) 



1-12 



1-12 



I I Further documents are listed in the continuation of Box C. | )(| See patent family annex. 



• Special catcgon« of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
"E" crher dociiment but pubh.shcd on or after the international filing date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special rea.son (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



"T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory undeTl>ing the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the doaiment is taken alone 

" Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



12 August 1998 



Date of maihng of the international search report 

1 3 -08- 1998 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized ofTicer 

Bertil Dahl 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA;210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Inforination on patent family members 




• 




27/07/98 


International application No. 

PCT/SE 98/00613 


Pjit(*nt rInciimpTit 

cited in search report 


date 


Patent family 
meinber(s) 


date 


WO 9310935 Al 


10/06/93 


AU 


658950 


B 


04/05/95 






AU 


662310 


B 


31/08/95 






AU 


1016495 


A 


30/03/95 






AU 


2952892 


A 


28/06/93 






CA 


2123097 


A 


10/06/93 






DE 


69205991 


D.T 


11/04/96 






EP 


0615480 A.B 


21/09/94 






SE 


0615480 


T3 








EP 


0653265 


A 


17/05/95 






JP 


2712838 


B 


16/02/98 






JP 


7505090 


T 


08/06/95 






US 


5460317 A,B 


24/10/95 


wo 9526254 Al 


05/10/95 


AU 


676424 


B 


06/03/97 






AU 


1592395 


A 


17/10/95 






LA 


2182719 


A 


05/10/95 






CN 


1144499 


A 


05/03/97 






CZ 


9602586 


A 


16/04/97 






DE 


69502716 


D 


00/00/00 






EP 


0752926 


A,B 


15/01/97 






FI 


963889 


A 


27/09/96 






JP 


9508073 


T 


19/08/97 






NO 


941144 


D 


00/00/00 






NO 


942790 


D 


00/00/00 






NO 


964115 


A 


27/09/96 






PL 


316614 


A 


20/01/97 



RECORD 



PCT 

REQUEST 



The undersigned requests that the present 

international ^plication be processed 
according to the Patent Cooperation Treaty 



For I 



or receiv* Office use only 



I. f lA r M PCT/SE98 /006 1 3 

International Application No. 

03 -04-1998 

— I 

iThe Swedish Patent Offlc I 

I ppT |r--^rr>atinn q| Application \ 
Name of receiving OffiliThiuJ PCT Littiumiuum APplicaiioii 



International Filing Date 



Applicant's or agent's file reference 

(if desired) (1 2 characters maximum 2986142 



Box No. I TITLE OF INVENTION 

METHOD AND APPARATUS FOR FRICTION STIR WELDING 



Box No, fl 



APPIirANT 



Name and address {Family name followed by given name; for a legal entity, Jull official 

designation. The address must include postal code and name of country) 

Esab AB 
Box 8004 

SE-402 77 GOTEBORG 



I I This person is also inventor 



Telephone No. 

+46 31 50 90 00 



Facsimile No. 

+46 31 50 91 70 



Teleprinter No. 



State (i.e. country) of nationality: SWEDEN 


State (i.e. country) of res 


idence: SWEDEN 


This person is applicant 1 1 all designated X 

fnr the nurnnses of : 1 1 States — 


all designated States except 1 | the United States F 1 the States indicated in 
the United States of America 1 ' of America onlv I ' the Sunolemental Box 


Roir No. m Fl mrmu APPT irXf^(S\ ANH/OR /FirRTHER INVENTORfSi ^ 





Name and address 

KMPSTROM, Karl Erik 
Lingonstigen 5 
SE-695 30 LAXA 



(Family name followed by given name: for a legal entity, Jull official designation. The 
address must include postal code and name of country) 



This person is 

I I applicant only 

j X [ ^plicant and inventor 

□ inventor only (If this check, box 
is marked, do not fill in below 



State (i.e. country) of nationality: SWEDEN State (i.e. country) of residen 


ce: SWEDEN 


This person is applicant 1 | aU designated 1 1 all designated States except HTl the United States 1 1 the States indicated in 
for the Durooscs of : 1 f States 1 1 the United States of America 1— 1 of America only i 1 the Supplemental Box 


X 


Further applicants and/or (further) inventors are indicated on a continuation sheet 


Rn^ 


M« fv AniTTsrr nw l-OVrVfOM RFPRFSrT^ATIVF.? OR AHDRFSS FOR rORRKSPONnKNCE 


The person identified t>elow is hereby/has been appointed to act on behalf 1 x 1 conmion 

of the applicant(s) before the competent International Authorities as: L_l agent I 1 representative 


^ H f Family name followed by given name: for a legal entity, Jidl official designation. The 
Name ana aaaress address must include postal code and name of country) 

AWAP ATENT AB 
BOX 113 94 

SE-404 28 GOTEBORG 
SWEDEN 


Telephone No. 

+46 31 15 00 25 


Facsimile No. 
+46 31 15 00 60 


Teleprinter No. . 



Mark this check-box where no agent or conunon representative is/has been appointed and the space above is used 
instead to indicate a special address to which correspondence should be sent . 



Sheet No. 



'PCT/SE98 / 00.6 i 3 



rnntinnntinn nf Rnx Nn m ITITRTHF.R APPI ir ANTS ANH/OR rFITItTHFR^ INVFNTnRS 



If none of the following sub-boxes is used, this sheet is not to be included in the request 



Name and address 

IVIALM, Anders 
Hokstigen 9 
SE-695 30 LAXA 
SWEDEN 



(Family name followed by given name; for a legal entity, jull official designation. The 
address must include postal code and name of country) 



I I applicant only 

I X I applicant and inventor 

I I inventor only (if this check.box 

is marked, do not fill in below) 



State (i.e. country) of nationality: SWEDEN 



State (i.e. country) of residence: SWEDEN 



This person is applicant 
for the purposes of : 



□ 



all designated 
States 



□ 



all designated States except 
the United States of America 



X 



the United States 
of America only 



□ 



the States indicated in 
the Supplemental Box 



Name and address 



(Family name followed by given name; for a legal entity, Jull official designation. The 
address must include postal code and name of country) 



□ 
□ 
□ 



applicant only 
applicant and inventor 
inventor only (if this checkbox 

is marked, do not fill in below) 



State (i.e. country) of nationality: 



State (i.e. country) of residence: 



This person is applicant 
for the purposes of : 



□ all designated 
States 



□ 



alt designated States except 
the United States of America 



□ the United States 
of America only 



□ 



the States indicated in 
the Supplemental Box 



Name and address 



(Family name followed by given name; for a legal entity, full official desifftation. The 
address must include postal code and name of country) 



□ 
□ 

I I inventor only (if this checkbox 
is marked, do not fill in below) 



applicant only 
applicant and inventor 



State (i.e. country) of nationality: 



I State (i.e. country) of residence: . 



This person is applicant 
for the purposes of : 



□ 



all designated 
States 



□ all designated States except 
the United States of America 



□ 



the United States 
of America only 



□ 



the States indicated in 
the Supplemental Box 



Name and address 



(Family name followed by given name; for a legal entity, jull official desiffiation. The 
address must include postal code and name of cotmtry) 



I I applicant only 

I I applicant and inventor 

I I inventor only (if this checkbox 

is marked, do not fill in below) 



State (i.e. country) of nationality: 



State (i.e. country) of residence: 



This person is applicant 
for the purposes of : 



□ 



all designated 
States 



□ 



all designated States except 
the United States of America 



□ 



the United States 
of America only 



□ 



the States indicated in 
the Supplemental Box 



^ Further applicants and/or (further) inventors are indicated on another continuation sheet 



Form PCT/RO/101 (continuation sheet) (July 1993; reprint July 1995) 



Box No. V 



DESIGNATION OF STAT; 



Sheet 



PCT/SE98 /006 1 3 



The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes; at least one must be marked): 



Regional Patent 



Kegioi 



AP 



EA 



nn EP 



OA 



N ation al patent 
I X I AL 
I X I AM 
nn AT 
I X I AU 
I X I AZ 

rn BA 
nn BB 
nn BG 
nn BR 
nn BY 
nncA 
nn cwu 

I X I CN 

nncu 
nncY 
nncz 

I X I DE 

nnoK 

I X I EE 

nn Es 
nnn 
nn GB 
nn GE 

I X I GH 
I X I GM 
I X I GW 
I X I HU 

nn ID 
nn iL 
nnis 
nn jp 
nnKE 
nn KG 
nnKP 

I X I KR 

nn Kz 
nntc 

[T]lk 

nnLR 
nnLs 
nnLT 
nn Lu 
nn Lv 



ARIPO Patent: GH Ghana, GM Gambia, KB Kenya, LS Lesotho. MW Malawi, SD Sudan, SL Sierra Leone, SZ Swaziland, 
UG Uganda, ZW Zimbabve and any other State which is a Cintracting State of the Harare Protocol and of the PCT 
Eurasian Patent: AM Armenia, AZ Azerbaijan, BY, Belarus, KG Kyrgyzstan, KZ Kazakstan, MD Republic of Moldovia, 
RU Russian Federation,TJ Tajikistan, TM Turkmenistan and any other States which is 
a Contracting State of the Eurasian Patent Convention and of the PCT 

European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, DE Germany, CY Cyprus 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg, 
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, and any other State which is a Contracting State 
of the European Patent Convention and of the PCT 

OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cote d'lvoire, 
CM Cameroon, GA Gabon, GN Guinea, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, 
and any other State which is a member State of OAPI and a Contracting State of the PCT 
(if other kind'of protection or treatment desired, specify on dotted line) 

(if other kind of protection or treatment desired, specify on dotted line):,. 



Albania 




• 1 X 1 MD 


Republic of Moldova 


Armenia 




1 X 1 MG 


Madagascar 




+ Utility Model 


1 X 1 MK 


The former Yugoslav RepubUc of Macedonia 


Australia 




1 X 1 MN 


Mongolia 


Azerbaijan 




1 X i MW 


Malawi 


Bosnia and Herzegovina 




1 X 1 MX 


Mexico 


Barbados 




1 X 1 NO 


Norway 


Rill 

OUigclI la 




1 X 1 N2 


New Zealand 






1 X 1 PL 


Poland 


Belarus 




1 X 1 PT 


Portugal 


Canada 




1 V 1 'QC\ 
\ X 1 KU 


ivomama 


Switzerland and Liechtenstein 




1 X 1 RU 


Russian Federation 


China 




nn SD 


Sudan 


Cuba 




nnsE 


Sweden 


Cyprus 




nn SG 


Singapore 


Czech Republic 


+ Utility Model 


msi 


Slovenia 


Germany 


+ Utility Model 


nn SK 


Slovakia + Utility Model 


Denmark 


+ Utility Model 


[T]SL 


Sierra Leone 


Estonia 


+ Utility Model 


nriTj 


Tajikistan 


Spain 




m TM 


Turkmenistan 


Finland 


+ Utility Model 


nriTR 


Turkey 


United Kingdom 




nn IT 


Trinidad and Tobago 


Georgia 




nn UA 


Ukraine 


Ghana 




nriuG 


Uganda 


Gambia 




nrius 


United States of America 


Guinea-Bissau 




nriuz 


Uzbekistan 


Hungary 




nn VN 


Viet Nam 


Indonesia 




nn Yu 


Yugoslavia 


Israel 




nn ZW 


Zimbabve 



Iceland 
Japan 
Kenya 
Kyrgyzstan 

Democratic People's Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Sri Lanka 

Liberia 

Lesotho 

Lithuania 

Luxembourg 

Latvia 



Check-boxes reserved for designating States (for the 
purposes of a national patent) which have become party 
to the PCT after issuance of this sheet: 



rricY 
□ 
□ 
□ 



Cyprus 



In addition to the designations made above, the applicant also makes under Rule 4.9(b) all designations which would be 
permitted under the PCT except the designations of _ 



The applicant declares that those additional designations are subject to confirmation and that any designation which is not 
confirmed before the expiration of IS months from the priority date is to be regarded as withdrawn by the applicant at the 
expiration of that time \\m\X.{Confinnation of a designation consists of the filing of a notice specifying that designation and the 
payment of designation and confirmation fees. Confirmation mttst reach the receiving Office within the IS-month time limit) 



Sheet No. ? 



PCT/SE9 8 / 0 06 i 3 



Box No. VI 



PRIORITY CLAIM 



Further priority claims are indicated in the Supplement Box 



The priority of the following earlier application(s) is hereby claimed 



Country 
(in which, or for which the 
application was filed) 



Filing Date 
(day, month, year) 



Application No. 



Office of filing 
(only for regional or 
international application) 



item(l) 

SWEDEN 



4 April 1997 (04.04.97) 



9701265-2 



item (2) 



item (3) 



Mark the following check-box if the certified copy of the earlier application is to be issued by the Office which for the purposes of the 
present international application is the receiving Office (a fee may be required): 



^ The receiving Office is hereby requested to prepare and transmit to the International 
Bureau a certified copy of the earlier application(s) identified above as item(s): 1 



Box No. VII 



INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) {If two or more International Authories are competent 

to carry out the international search, indicate the Authority chosen; the two-letter code may be used): ISA/ _Sweden 



Earlier search Fill in where a search (international, international-type or other) by the International Searching Authority has 
already been carried out or requested and the Authority is now requested to base the international search to the extent possible, 
on the results of that earlier search. Identijy such search or request either by reference to the relevant application (or the translation 
thereof) or by reference to the search request: 

Country (or regional Office) Date (day/month/year) Number: 

Sweden 4 April 1997 SE97/00412 



Box No. VIII 



CHECK LIST 



This international Applications contains 
the following number of sheets: 



1 . request 

2. description 

3. claims 

4. abstract 



drawings 

Total 



4 sheets 

^ 6 sheets 

2 sheets 

sheets 
NsJ 1 sheets 



This international application is accompanied by the item(s) marked below: 

5. I X I fee calculation sheet 



1 . I I separate signed 

power of attorney 

2. I I copy of general 

power of attorney 

3. I I statement explaining 

tack of signature 

4. I I priority document(s). 

identified in Box No. VI 
as item(s): 



I I separate indications coneming 
deposited microorganisms 

I [ nucleotide and/or amino acid 
sequence listing (diskette) 

I X I oihex (specify): 

Copy of ITS-report 
Subauthorisation 



14 



Figure No. 



of the drawings (if any) should accompany the abstract when it is published. 



Box No. IX 



SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity 
is not obvious from reading the request) 



Goteborg 2 April 1997 




Peggy £H/ngtsson/ Authorised Representative 
AWAPATENT AB 



I. 


f or receivine tjiiice use ooiy 

Date of actual receipt of the 
purported international application: 




0 3 -04- 1998 




2. 


Drawing 


3. 


Corrected date of actual receipt due to later but 

timely received papers or drawings completing the purported international applicatton: 










received 


4. 


Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 












not received 


5. 


International Searching Authority ^ .-^ 
specified by the applicant: ISA/ .Sr"- 


6. 




Transmittal of search copy 
delayed until search fee is paid 







I Date of receipt of the record copy by the 
International Bureau: 



For International Bureau use only 

To APRIL 1998' 



( 3 0. 04. 98 ) 



Form PCT/RO/101 (last sheet) (January 1994; reprint July 1995) 



1 



PCT/SE9 8 / 0 0 6 i 3 
0 3 -04- 1998 



FORFARANDE QCH ANORDNING FOR 
FRIKTIONSOMRORNINGSSVETSNING 



Foreliggande uppfinning avser ett forfarande for 
f riktionsomrorningssvetsning, varvid de arbetsstycken som 
skall svetsas placeras pa ett arbetsbord och fastpanns 
medelst f astspanningsdon mot varandra och/eller mot 
5 arbetsbordet och varvid ett roterande svetsdon framfors i 
en mellan arbetsstyckena befintlig fog i pressverkan med 
dessa under svetsningen. 

Foreliggande uppfinning avser aven en anordning for 
f riktionsomrorningssvetsning innefattande ett arbetsbord 

10 for uppbarning av de arbetsstycken som skall svetsas, 
minst ett f astspanningsdon for fastspanning av 
arbetsstyckena mot varandra och/eller mot arbetsbordet 
samt ett svetsdon, som ar avsett att framforas i en 
mellan arbetsstyckena befintlig fog i pressverkan med 

15 dessa under svetsningen. 

Med definitionen f riktionsomrorningssvetsning avses 
har en svetsmetod dar de arbetsstycken som skall for- 
bindas med varandra plasticeras utmed sin sammanf ognings- 
linje genom tillforsel av f riktionsvarme ifran ett 

20 roterande svetsverktyg, som fors langs fogen mellan 
arbetsstyckena samtidigt som det pressas mot arbets- 
styckena. Som beskrivits i WO93/10935 och W095/26254 
skall svetsverktyget vara tillverkat av ett hardare 
material an arbetsstyckena, som under svetsningen skall- 

25 vara fast fixerade i forhallande till varandra och 

arbetsbordet. Detta till skillnad mot konventionell frik- 
tionssvetsning, vid vilken f riktionsvarmet alstras genom 
att arbetsstyckena ror sig i forhallande till varandra 
samtidigt som de pressas mot varandra, dvs frik- 

30 tionsvarmet alstras endast av de tva komponenter som 
skall sammanf ogas. Friktionsomrorningssvetsning kan 
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I 

enligt ovannamnda skrifter anvandas for svetsning av 
olika material, till exempel plaster, metaller, m m, inom 
olika anvandningsomraden, till exempel for forbindning av 
arbetsstycken, reparation av sprickor i ett arbetsstycke , . 
5 mm. Utformningen av svetsverktyget beror bl a pa det 
material som skall svetsas och det avsedda anvand- 
ningsomradet . 

Vid gasmetallbagsvetsning och framforallt vid pul- 
verbagsvetsning, da smaltbaden vanligtvis ar stora, 

10 anvands ofta rotstod, dvs ett underlagg, som pressas mot 
svetsfogens baksida under svetsningen i avsikt att stodja 
fogkanterna och hindra smaltan att flyta bort vid full 
genomsvetsning, Utformningen av rotstodet med avseende pa 
material bestams i synnerhet vid aluminiumsvetsning i hog 

15 grad av termiska hansyn. Kylningen av fogen via rotstodet 
far inte bli for kraftig. 

PS likartat satt anvands aven rotstod vid genom- 
svetsning i samband med. f riktionsomrorningssvet sning . 
Rotstodet tjanar har som mothall och formar svetsfogens 

20 undersida. Rotstodet kan ocksa har utformas med en 

termisk barriar mot en underliggande mothallsskena for 
att battre tillvarata f riktionsvarmen i svetsprocessen . 

Ett av problemen vid f riktionsomrorningssvetsning i 
svarsvetsade material, s&som magnesium-, litium- eller 

25 kopparlegerad aluminium, ar att krafterna vid svetsningen 
ar sa stora att svetsverktyget gar av efter relativt kort 
svetstid pa grund av utmattning. Detta galler sarskilt 
for arbetsstycken tjockare an 5 mm. 

Ett annat problem ar att korta, men djupa sprickor 

30 uppstar i rotstodets yta, f ramst i dess tvarriktning, 
till foljd av termisk utmattning. Da fogen pa grund av 
sin plasticering under svetsoperationen kommer att anta 
samma utseende som rotstodets yta kommer saledes dessa 
sprickor att avtecknas som utbuktningar pa svetsfogens 

35 undersida och ge en ej godkannbar svetsfog. 



3 
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Ett ytterligare problem ar att f riktionsvarmen i 
svarsvetsade material kan bli otillracklig sa att 
genomsvetsning inte uppnas eller bindfel uppstar. 

Ett andamal med foreliggande uppfinning ar darfor 
5 att astadkomma ett forfarande och en anordning for frik- 
tionsomrorningssvet sning, som gor det mojligt att vasent- 
ligt forlanga namnda svetsver ktygs livslangd. Det ar aven 
onskvart att samtidigt hoja kvaliteten pa den bildade 
svetsfogen genom framst sakrare genomsvetsning respektive 
10 bindning mot grundmaterialet och dessutom oka produktivi- 
teten. 

Detta andamal astadkommes enligt foreliggande upp- 
finning med ett forfarande for f riktionsomrorningssvets- 
ning av det inledningsvis angivna slaget, som kanneteck- 

15 nas av att extra varme tillfors fogen fore och/eller 
under svetsningen utover under svetsdonets rotation i 
fogen bildat f riktionsvarme och eventuellt pa annat satt 
till fogen medelst svetsdonet tillfort varme, varvid 
svetsningen anses paborjad nar svetsver ktyget fors ned i 

20 fogen. 

For astadkommande av namnda andamal astadkommes 
enligt foreliggande uppfinning aven en anordning for 
f riktionsomrorningssvetsning av det inledningsvis angivna 
slaget, som kannetecknas av ett uppvarmningsorgan for 

25 tillforsel av extra varme till fogen fore och/eller under 
svetsningen utover under svetsdonets rotation i fogen 
bildat f riktionsvarme och eventuellt pa annat satt till 
fogen medelst svetsdonet tillfort varme. 

Tack vare att den mellan arbetsstyckena befintliga 

30 fogen tillfors extra varme utover under svetsdonets 

rotation i fogen bildat f riktionsvarme och eventuellt pa 
annat satt till fogen medelst svetsdonet tillfort varme, 
forlangs livslangden avsevart for svetsver ktyget -. I det 
fall fogen stods medelst ett underliggande rotstod 

35 forhindras aven sprickbildning i rotstodet om varme 

tillfors fogen via rotstodet. Skillnaden ar markant och 
utgor en f orutsattning for att med acceptabel ekonomi 
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kunna svetsa bland annat flera aluminiumlegeringar . 
Dessutom uppnas battre svetskvalitet genom forbattrad 
genomsvetsning och sakrare bindning mot grundmaterialet 
och vidare ges en mojlighet till hogre svet shast ighet och 
5 darmed okad produktivitet . 

Fordelaktiga utf oringsvarianter av detta forfarande 
och denna anordning anges . i under kraven. 

Uppfinningen skall beskrivas narmare i det foljande 
med hanvisning till bifogad figur, som visar en utfor- 

10 ingsform av anordningen enligt foreliggande uppf inning. 

Den i ritningen visade anordningen 1 ar avsedd att 
anvandas for ihopsvetsning av tva arbetsstycken 2, 3 i 
form av exempelvis extruderade aluminiumprof iler . 

Under svetsningen fastspanns arbetsstyckena 2, 3 av 

15 f astspanningdon 5 respektive 6 mot arbetsbordet 7. Varje 
f astspanningsdon 5 respektive 6 kan utgoras av en 
tryckcylinder . Arbetsbordet utgors har av ett 
horisontellt maskinbord 7a, pa vilket ett rotstod 7b ar 
fast monterat medelst en mothallsskena 7d i form av en I- 

20 balk och vilket uppbars medelst ett stationart, styvt 
stativ 7c, Rotstodet 7b ar forsett med ett i- dess 
langdriktning sig strackande spar 60, i vilket en varme- 
slinga i form av en varmekabel 70 ar anordnad. 

Fogen mellan arbetsstyckena 2, 3 ar placerad mitt 

25 for rotstodets centrumlinje . Rotstodet stodjer aven 

fogkanterna och forhindrar det plasticerade materialet 
frin att flyta bort vid full genomsvetsning. 

Svetsningen atadkommmes medelst ett svetsdon i form 
av ett svetsverktyg 12 och en roterande spindel 13. 

30 Svetsverktyget utgors av en cylindrisk kropp 12a samt en 
med denna kropp forbunden cylindrisk tapp 12b med mindre 
omkrets an kroppen. Den cylindriska kroppens nedre del 
kommer harigenom att skjuta ut utanfor tappens ovre del. 
Kroppens nedre del kommer i det foljande att kallas for 

35 skuldra och som visas i figuren anligger skuldran i 
svetsverktygets normallage mot arbetsstyckenas 2, 3 
ovansidor, Svetsverktygets kropp och tapp kan exempelvis 
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vara utformade i enlighet med nagon av de ut f oringsf ormer 
som visas i WO93/10935 eller i W095/26254. Den ovre delen 
av kroppen 12a ar forbunden med den roterande spindeln 
13, som drivs av en icke visad drivenhet, sasom en 
5 drivmotor. 

Arbetsstyckena 2, 3 spanns forst fast i anordningen 
1 medelst f astspanningdonen 5, 6, sa att luftspalten, dvs 
fogen, mellan profilernas mot varandra vanda andkanter. ej 
overstiger den storlek vid vilken en undermalig svets 

10 bildas. Som framgar av figuren ar spalten placerad mitt 
for rotstodets 7b centrumlinje c. Harefter foruppvarms 
rotstodet medelst den inbyggda varmekabeln 70 till dess 
att rotstodets temperatur ligger i intervallet 150-250*^0. 
Detta avkanns pa konventionellt satt medelst exempelvis 

15 en icke visad temperatursensor . Efter f oruppvarmningen av 
rotstodet och darigenom fogen startas svetsoperationen 
genom att svetsverktyget bringas rotera med en viss 
hastighet samtidigt som det forflyttas langs spalten med 
en forutbestamd hastighet. Som beskrivits inledningsvis 

20 kommer profilernas andkanter att plasticeras av det 
harigenom bildade f riktionsvarmet . 

Efter det att den bildade svetsfogen stelnat bildas 
harigenom en homogen svetsfog med hog hallfasthet. 

Uppfinningen ar- givetvis ej begransad till ovan- 

25 staende utf oringsf ormer utan kan modifieras pa en mangd 
satt inom ramen for ef terf ol j ande patent krav. Exempelvis 
kan rotstodet 7b uppvarmas genom tillforsel av ett varme- 
fluidum till sparet 60 eller genom direkt tillforsel av 
elektricitet i stallet for medelst en i sparet inbyggd 

30 varmekabel 70. I stallet for att fogen uppvarms medelst 
rotstodet kan fogen uppvarmas genom ett uppvarmnings- 
organ, sasom en gasbrannare, som ar placerat under fogen 
eller i kontakt med fogsidorna. Induktionsuppvarmning ar 
en annan metod for tillforsel av tillskottsvarme'. Anord- 

35 ningen kan naturligtvis anvandas for ihopsvetsning av 

arbetsstycken av andra metaller . eller metallegeringar an 
av aluminium, sasom exempelvis titan eller stal. Om 
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anordningen anvands till ihopsvetsning av arbetsstycken 
av stal eller titan uppvarms rotstodet i stallet till en 
temperatur som ligger i intervallet 500 - 1 000°C. 
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PATENTKRAV 

1. Forfarande for f riktionsomrorningssvetsning, 
varvid de arbetsstycken (2, 3) som skall svetsas placeras 

5 pa ett arbetsbord (7) och fastpanns medelst fastspan- 
ningsdon (5, 6) mot varandra och/eller mot arbetsbordet 
och varvid ett roterande svetsdon (12, 13) framfors i en 
mellan arbetsstyckena befintlig fog i- pressverkan med ' 
dessa under svetsningen, kannetecknat av att 
10 extra varme tillfors fogen fore och/eller under svets- 
ningen utover under svetsdonets rotation i fogen bildat 
f riktionsvarme och eventuellt pa annat satt till fogen 
medelst svetsdonet tillfort varme, 

2. Forfarande enligt krav 1, k ^ n n e t e c .k n a t 
15 av att fogen forvarms till hogst 250°C under fogmateria- 

lets smalttemperatur . 

3. Forfarande enligt krav 1 eller 2, kanne- 
tecknat av att fogen uppvarms av ett under fogen 
placerat uppvarmningsorgan . 

20 4. Forfarande enligt nagot av foregaende krav, 

kannetecknat av att fogen stods medelst ett 
underliggande rotstod (7b) , som forupvarms till en 
temperatur overstigande 100°C, 

5. Forfarande enligt krav 4, kannetecknat 
25 av att rotstodet uppvarms till en temperatur, som ligger 

i intervallet 150-250''C. 

6. Forfarande enligt krav 4, kannetecknad 
av att rotstodet uppvarms till en temperatur, som ligger 
i intervallet 500 - 1 OOO^'C. 

30 7. Forfarande enligt krav 4, 5 eller 6, kanne- 

tecknat av att rotstodet (7b) uppvarms medelst i 
rotstodet inbyggd varmeslinga (70) . 

8- Anordning (1) for f riktionsomrorningssvetsning, 
innefattande ett arbetsbord (7) for uppbarning av de 

35 arbetsstycken (2, 3) som skall svetsas, minst ett fast- 
spanningsdon (5, 6) for fastspanning av arbetsstyckena 
mot varandra och/eller mot arbetsbordet samt ett svetsdon 
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(12, 13), som ar avsett att framforas i en mellan arbets- 
styckena befintlig fog i pressverkan med dessa under 
svetsningen, kannetecknad av ett uppvarm- 
ningsorgan (70) for tillforsel av extra varme till fogen 
5 fore och/eller under svetsningen utover under svetsdonets 
rotation i fogen bildat f rikt ionsvarme och eventuellt pa 
annat satt till fogen medelst svetsdonet tillfort varme. 

9. Anordning enligt krav 8, kannetecknad 
av att den innef attar . ett under fogen placerat upp- 

10 varmningsorgan . 

10. Anordning enligt krav 8 eller 9, kanne- 
tecknad av att ett rotstod (7b) ar placerat under 
fogen. 

11. Anordning enligt krav 10, k a n n e - 

15 tecknad av att rotstodet (7b) ar avsett att 
uppvarmas av uppvarmningsorganet (70) . 

12. Anordning enligt krav 11, kanne- 
tecknad av att uppvarmningsorganet utgors av en i 
rotstodet (7b) inbyggd varmeslinga (70) . 
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S AMMAN DRAG 

Uppfinningen avser ett forfarande for f riktionsom- 
rorningssvetsning, varvid de arbetsstycken (2, 3) som 
5 skall svetsas placeras pa ett arbetsbord och fastspanns 
medelst f astspanningsdon mot varandra och/eller mot 
arbetsbordet under svetsningen, Ett roterande svetsdon 
{12, 13) framfors i en mellan arbetsstyckena befintlig 
fog i pressverkan med dessa under svetsningen. Extra 

10 varme tillfors fogen fore och/eller under svetsningen 
utover under svetsdonets rotation i fogen bildat 
f riktionsvarme och eventuellt pa annat satt till fogen 
medelst svetsdonet tillfort varme. 

Uppfinningen avser aven en anordning for friktions- 

15 omrorningssvetsning innefattande ett uppvarmningsorgan 
(70) for tillforsel av extra varme till fogen fore 
och/eller under svetsningen utover under svetsdonets 
rotation i fogen bildat friktionsvarme och eventuellt pa 
annat satt till fogen medelst svetsdonet tillfort varme. 
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